Quantitation or semi-quantitation of immunostaining intensity gives us erroneous quantitative information on an antigen, if the intensity resulting from the antigen in sections is not proportional to the amount of antigen in sections, [3, 4, 14] . Therefore, information on the relationship between the intensity and antigen amount in sections is important [4, 7] , and a reliable method to examine the relationship has been required [4, 7, 9, 10] . The filter binding assay, introduced to immunohistochemistry by Nibbering and van Furth [7] , is a candidate for a reliable method to examine the relationship: an antigen immobilized on nitrocellulose (NC) or polyvinylidene difluoride filters is used instead of sections, and the filters are immunostained and subjected to microphotometry or image analysis.
In the present study, the relationship between immunostaining intensity owing to and the amount of cytochrome P-450 (P-450) 1A, P-450 2B, P-450 reductase, albumin, monosialoganglioside 1 (GM1) or myosin immobilized on NC filters was examined by image analysis. Furthermore, the relationship between immunostaining intensity resulting from the antigens in sections and section thickness was examined microphotometrically, and it was revealed that examination of the relationship is necessary to determine the accuracy of quantitative immunohistochemical results in addition to the filter binding assay. [2, 13] as described previously [11, 15, 16] .
Antibodies Anti-rat P-450 1A goat IgG, anti-rat P-450 2B goat IgG, anti-rat P-450 reductase goat IgG were obtained from Daiichi Kagaku (Tokyo, Japan). Anti-myosin rabbit IgG and anti-rat albumin rabbit IgG were purchased from Cappel (West Chester, PA, USA). Anti-GM1 rabbit IgG was obtained from Seikagaku Kogyo (Tokyo, Japan). Horseradish peroxidase (HRP)-labeled secondary antibodies (anti-goat IgG rabbit IgG and anti-rabbit IgG goat IgG) were purchased from Zymed (San Francisco, CA, USA). 
Biochemical methods
The content of P-450 1A or P-450 2B in liver lysates was measured by radial immunodiffusion according to the method of Thomas et al. [12] . The content of P-450 reductase in the lysates was determined by enzyme-linked immunosorbent assay [17] . The albumin content was measured with a Rat Albumin SRID kit (Binding Site, Birmingham, UK). Protein was measured by the method of Dulley and Grieve [5] .
Statistical analysis
Data were subjected to statistical analysis using analysis of variance followed by the least square regression analysis. All statistical comparisons were made above the 95% level of confidence (p<0.05).
III. Results
The relationship between immunostaining intensity and amount of secondary antibody immobilized on NC filters To examine whether immunostaining intensity is proportional to the amount of secondary antibody, serially diluted secondary antibody was immobilized on NC filters and stained with hydrogen peroxide/DAB.
When absorbance in stained spots on the filters was plotted as a function of secondary antibody concentration, a linear relationship was observed between the intensity and amount of secondary antibody (Figs. 1A, B) . Therefore , the intensity is proportional to the amount of secondary antibody . dilutions of suitable secondary antibody. When absorbance in stained spots on the filters was plotted as a reciprocal dilution of secondary antibody, absorbance increased with increasing concentration of the antibody up to the dilution of 1: 200 (anti-P-450 1A, anti-P-450 2B and anti-P-450 reductase antibodies) or 1: 100 (anti-albumin, anti-GM1 and anti-myosin antibodies) and then leveled off ( Figs. 2A-F) . Therefore, anti-goat IgG antibody diluted 1: 200 or more concentrated (for anti-P-450 1A, anti-P-450 2B and anti-P-450 reductase antibodies) or anti-rabbit IgG antibody diluted 1 : 100 or more concentrated (for anti-albumin, anti-GM1 and anti-myosin antibodies) are necessary to follow saturation kinetics ( Table 1) .
Determination of optimal primary antibody concentration
Lysates containing a constant amount of antigen were immobilized on NC filters and immunostained with various dilutions of suitable primary antibody.
The resulting specific absorbance (total absorbance minus background) in stained spots on the filters was plotted as a reciprocal dilution of primary antibody (Figs. 3A-F). For P-450 1A or P-450 2B, specific absorbance increased with increasing concentration up to the dilution of 1: 200, and then saturated (Figs. 3A, B) . For P-450 reductase, the absorbance increased with increasing concentration up to the dilution of 1: 100, and then leveled off (Fig. 3C ). For albumin, the absorbance increased with increasing concentration up to the dilution of 1: 50, and then decreased (Fig. 3D) . For GM1, the absorbance did not increase with the concentration. (Fig. 3E ). For myosin, the absorbance increased with concentration up to the dilution of 1: 50, and then saturated (Fig. 3F) antibody diluted 1: 200 or more concentrated is necessary to follow saturation kinetics for P-450 1A or P-450 2B. Primary antibody diluted 1: 100 or more concentrated and that diluted 1: 50 or more concentrated are necessary to follow saturation kinetics for P-450 reductase and myosin, respectively. Optimal concentration of anti-albumin antibody was defined as 1: 50 (peak concentration) according to the method of Raivich et al. [8] . However, optimal concentration of anti-GM1 antibody could not be determined by this method. Dilutions of the primary antibodies used in the present study are summarized in Table 1 .
The relationship between immunostaining intensity and amount of antigen immobilized on NC filters Serially diluted lysate was immobilized on NC filters and immunostained by the indirect immunoperoxidase method under saturation conditions. Then, specific absorbance in stained spot on lysate-immobilized NC filters was plotted as a concentration of lysate (Figs. 4A-F) . There was a curvilinear relationship between specific absorbance and dilution of lysate for P-450 1A or albumin (Figs. 4A, D; Table 1 ). The relationship was linear for P-450 2B, P-450 reductase or myosin (Figs. 4B, C, F; Table 1 ). However, no particular relationship was found between 
albumin, the absorbance and the dilution for GM1 (Fig. 4E) . 
IV. Discussion
As shown in the present study, the relationship between immunostaining intensity owing to and the amount of antigen immobilized on NC filters was linear for P-450 2B, P-450 reductase or myosin, but nonlinear for P-450 1A, albumin or GM1. The relationship between immunostaining intensity in sections and section thickness was linear for P-450 2B or P-450 reductase, but nonlinear for P-450 1A, albumin, myosin or GM1. Therefore, immunostaining intensity resulting from P-450 2B or P-450 reductase in sections is proportional to the amount of antigen, whereas the intensity caused by P-450 1A, albumin, myosin or GM1 in sections is not proprtional to the antigen amount.
Six antigens examined in the present study were classified into four groups. In the first group (P-450 2B and P-450 reductase), a linear relationship was seen between immunostaining intensity owing to and the amount of antigen immobilized on NC filters, and between the intensity in sections and section thickness. Thus, measurement of the intensity resulting from P-450 2B or P-450 reductase in sections by microphotometry or image analysis gives accurate information on amount of the antigen. A similar relationship was found in P-450 reductase in rat liver sections stained with different antibodies [14] , or types I and II collagen in rat cartilage sections [6] . In the second group (P-450 1A and albumin), a curvilinear relationship was found between immunostaining intensity owing to the amount of antigen immobilized on NC filters, and between the intensity in sections and section thickness. The curvilinear relationship may be attributed to an occurrence of steric hindrance [17] , antibody trapping [15] , loss of antigen from sections [15] or reduction in antibody binding owing to a high antibody concentration [8] . Therefore, immunostaining intensity resulting from P-450 1A or albumin does not simply reflect the antigen amount in filters or sections. Measurement of the intensity resulting from P-450 1A or albumin will give erroneous quantitative results.
In the third group (GM1), no particular relationship was seen between immunostaining intensity owing to and the amount of antigen immobilized on NC filters. This indicates that GM1, a glycolipid antigen, is not effectively immobilized on NC filters. In addition, there was a cur-vilinear relationship between the intensity in sections and section thickness. Thus, the intensity resulting from GM1 does not simply reflect the antigen amount in sections. Measurement of the intensity resulting from GM1 in sections will give erroneous quantitative results.
In the fourth group (myosin), a linear relationship was found between immunostaining intensity owing to and the amount of antigen immobilized on NC filters, but there was a curvilinear relationship between the intensity in sections and section thickness. This indicates that antigenicity of myosin immobilized on NC filters differs from that of the antigen in sections. The difference may be attributed to denaturation of antigen molecules during fixation [9, 16] , masking of antigen epitopes in sections [6] or a loss of antigen from sections during tissue preparation [8, 18] . Thus, the intensity resulting from myosin in sections does not simply reflect the antigen amount, although the intensity caused by solubilized myosin immobilized on the filters reflects the antigen amount. Measurement of the intensity resulting from myosin in sections will give erroneous quantitative results.
The filter binding assay is a simple and easy technique to examine the relationship between immunostaining intensity and antigen amount [1, 9, 10, 15, 16] , and is helpful to measure an antigen amount in isolated or cultured cells by transferring the antigen from the cells to filters [4] . However, the present results revealed that the filter binding assay alone is insufficient to examine the relationship between immunostaining intensity and antigen amount in sections. Examination of the relationship between immunostaining intensity in sections and section thickness is necessary to determine the accuracy of quantitative immunohistochemical results in addition to the filter binding assay.
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